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Abstract. Anthropic induced changes in land use modify the habitat and
microhabitat conditions for many species. Afforestation and grazing
abandonment in steppe-like grasslands alters the characteristics of open
natural areas. We aim to understand the habitat preferences of the
European Green lizard in a nature reserve affected by both processes,
using CORINE land cover and data recorded in the field. The results
show that the species prefers sparsely shrubbed areas and edge habitat
but avoids the interior of the pine plantation and totally open grassland.
On microhabitat scale, most preferred structures were shrubs and logs.
CORINE Landover data yields statistically less robust information than
the microhabitat features recorded in the field Management measures
should aim to increase habitat heterogeneity and to decrease compact
afforested areas.
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Introduction

Habitat destruction, modification and alteration are among the main
threats to reptile species around the globe (Doherty et al., 2020; Fitzgerald et al.,
2017; Gibbons et al, 2000) and particularly to habitat alteration that results in
modification of thermal regime (Nowakowski et al, 2018). Afforestation of
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grasslands with high natural values, often with non-native trees, represents a
major threat for the native biodiversity of the grassland ecosystem (Cao et al.,
2010; Vassallo et al, 2013). The steppe-like grasslands of Eastern Europe have an
enormous role as biodiversity reservoirs at local and landscape scales (Ruprecht
et al, 2009; Rakosy and Kovacs, 2001; Cremene et al, 2005). These ecosystems
are under threat not only because of changes in agricultural practices (land
conversion in croplands, overgrazing with sheep), but also from alteration due
to afforestation e.g. with Austrian pine Pinus nigra (Cremene et al., 2005). In
Romania, and especially in Transylvania, this practice was regarded in the last
50 years as an anti-erosion and equilibration of slopes action (Baciu et al,, 2010),
and even as ‘ecological reconstruction’ of degraded terrains (Oprea et al.,, 2009),
despite the risk of losing plant and invertebrate unique diversity (Cremene et al.,
2005). Some local populations of European Green lizard Lacerta viridis are also
locally threatened by such plantations, but also by shrub encroachment resulting
from a complete abandonment of farming (Rehak, 2015).

Lacerta viridis (Laurenti, 1768) is a large, thermophile lacertid lizard
inhabiting a wide range of habitats: sand dunes, dry areas with shrubs and
bushes, steep slopes with rocks and bushes, forest edges and clearings with a
certain degree of humidity, road verges or deep river valleys (Covaciu-Marcov
et al., 2006; Covaciu-Marcov et al., 2009; Fuhn and Vancea, 1961; Heltai et al,,
2015; Rehak, 2015). The green lizard Lacerta viridis is widespread in Romania
(Cogdlniceanu et al.,, 2013) and it is listed as a species of community interest in
need of strict protection, with a decreasing population trend (0.U.G. 57/2007;
Crnobrnja-Isailovi¢ et al, 2009). To ensure a favourable conservation status,
active habitat management measures might be needed, which should rely on
accurate knowledge of habitat and microhabitat requirements and preferences of
the species.

The aim of this study was to understand the habitat use of the green
lizard in an arid, steppe-like nature reserve that had been dramatically altered by
afforestation and farming abandonment (and subsequent scrub encroachment).
We used two approaches to explore the habitat preferences of this lizard: using
CORINE land cover data for each transect and by recording the microhabitat
features in the field. Our objectives were to identify the habitat and microhabitat
preferences of the species and to provide recommendations for research and
conservation practice based on our results.

Materials and methods

Study area

Our study area was the Butterfly Hill (Dealul cu fluturi) Nature Reserve
(46.527117°N, 23.941970°E), located in the Transylvanian Plain, Romania, 30
km South-East from Cluj-Napoca. It consisted of 20 ha of steep slopes facing
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south-west, originally covered in dry steppe-like grasslands maintained by
extensive grazing. The majority of herbaceous steppic species originated from
East European and Southern Russian steppes, but there were several endemic
plant species and at least one butterfly species that evolved locally (Rakosy
and Kovacs, 2001; Cremene et al, 2005). Over the last 40 years, the area has
been afforested with the non-native tree species Austrian pine (Pinus nigra)
(Cremene et al., 2005). As a result, the nature reserve lost most of its steppe-
like character and consisted of a mixture of steppe-like grasslands (Stipa sp.,
Carex humilis, Festuca rupicola), pine plantation with snags and logs, and
scrubland compose of native (Prunus spinosa, Crataegus monogyna, Cornus
sanguinea) and introduced (Hippophae rhamnoides, Eleagnus angustifolia)
species (Rakosy and Kovacs, 2001).

Field survey and data collection

The field survey took place over a period of three months, starting with
the onset of the reproductive season, between April and June 2019.

Data was gathered from 20 sampling units (5 x 100 m), randomly
selected from a total of 64 units, separated by 20 m distance, covering the
entire area of the nature reserve. The sampling area covered 10.000 m?,
representing 5% of the total area. All selected sampling units were surveyed
monthly, during a single day, resulting in three visits per unit. The surveys
were done by line transects of 100 m length and a 2.5 m width on each side to
be visually inspected for the presence of the species at walking speed in a
constant pace. Surveys were carried out in good, sunny weather, without rain
or wind, between 07.00 a.m. and 14 p.m. We recorded the gender and age of
every observed individual, as well as the microhabitat feature where each
animal was spotted. Each sampling unit was assessed regarding habitat
characteristics. We used two types of habitat variables to classify the sampling
units. First, transect variables based on Corinne Land Cover system (area of
shrubland, grassland, (pine) forest plantation and habitat diversity based on
Shannon entropy). Variables like insolation and slope were initially also
considered but later removed from modelling to keep the explanatory
variables low related to the number of transects (20). Univariate analysis
showed no influence of insolation and slope on lizard abundance. Second,
microhabitat variables were collected in the field while walking along each
transect, in order to characterize the surroundings of each observed lizard.
Variables recorded represented the full spectra of microhabitats available in
the points where lizard occurred, such as: the presence of living shrubs, dead
shrubs, pine plantation edge, fallen trees, and tall grass. The representation of
habitats and microhabitats captured by our variables is visible in Figure 1.
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Figure 1. Diversity of habitats and microhabitats
analysed in “Dealul cu fluturi” Nature Reserve

Data analysis

The statistical analysis was performed at two levels, according to the
two approaches (see above) by implementing habitat use models and
descriptive statistics. Before applying the habitat use models and presenting
the descriptive statistics, we explored the detection probability of the lizards
using occupancy models. The detection probability (p) shows the probability
of detecting the organism in a site given that the organism is present. The
detection probability can also be used to assess the number of site visits to
infer the species absence (with 95% confidence) through the formula:

Nmin=log(0.05) /log(1-p), where N, is the minimum number of surveys
per site and p is the detection probability (Pellet & Schmidt, 2005).
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To model the relationship between the number of lizards and the
transect characteristics, we used the following variables: grassland, shrub,
pine plantation, slope and isolation. We excluded the survey month from the
analysis because and initial check showed that it has no effect on the number
of lizards detected (Kruskal-Wallis test, P = 0.22). The values of the transect
variables were log transformed and standardised (average of 0, SD of 1). We
tested for the collinearity between the transect variables and found no correlation
between the independent variables.

To model the abundance L. viridis we used the information theoretic
model selection approach based on Akaike information criterion (AIC) (Tab. 1).

Table 1. Model description

Variable (s) Hypothesis

Grassland+Shrub+Pine Green lizard abundance is determined by multiple
forest+Habitat diversity transect variables

Grassland Green lizard abundance along transects is

determined by the proportion of grassland along the
transect. Open areas are feeding habitats.

Shrub The proportion of shrub along the transect is
important. Shrubby areas are shelters against
predators and excessive sun.

Pine plantation The proportion of pine plantation along the transect
negatively affects lizard abundance. Pine is a
suboptimal habitat for L. viridis because it creates
moist and shady microhabitat.

Habitat diversity (Shannon) The habitat diversity along the transect positively
influences green lizard abundance.

Null model None of the recorded variables is important for
green lizard abundance along the transects.

We used percentage values to visualize the distribution of individuals
detected in the field in different types of microhabitats (this being the descriptive
part of our analysis).

Statistical analyses were performed in R (with bbmle and AlCcmodavg
packages) and Excel.

Results

Detection probability

During the 3 surveys we observed the species 66 times. We detected 28
European Green Lizard individuals in April, 14 in May and 24 in June. The
naive estimate of the occurrence in the transects was 0.85 while the estimate
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based on occupancy model was 0.87 (SE=0.08). The detection probability was
high (p = 0.70). The number of visits to infer absence with 95% confidence was
2.48, showing that three surveys per transect were enough for this species in the
study area. We did not find any relationship between the CORINE variables
(Tab. 1) and the detection probability of this lizard (data not showed).

Abundance modelling according to transect variables (CORINE data)

The habitat modelling shows that the best models explaining the green
lizard abundance along the transects were the ‘Shrub’ and ‘Grassland’ models
followed by the ‘Pine plantation’ model (Tab. 2). The model coefficients show
positive relationship between lizard abundance and shrub proportion (estimate
+ SE = 0.23 £ 0.16) and grassland proportion (estimate + SE = 0.25 % 0.19)
along the transect and a negative relationship with pine plantation (estimate
+ SE = -0.14 £ 0.16). While the model results have sense based on the expert
knowledge related to the ecology of lizards (see below), from a statistical
perspective the habitat models cannot be distinguished from the null model.

Table 2. Results of the model selection for the abundance of L. viridis.
The model coefficients (estimate and SE) for the first three
variables are presented in the text.

Model AlCc AAICc AlCwt Cum.wt
variables

Null model 88.33 0.00 0.28 0.28
Shrub 88.65 0.31 0.24 0.53
Grassland 88.98 0.64 0.20 0.74
Pine plantation 89.98 1.64 0.12 0.87
Habitat 90.16 1.82 0.11 0.98
diversity

Full model 94.64 6.30 0.01 1.00

Microhabitat preference based on field data

Out of 66 detections of L. viridis, the vast majority (70%) of observations
were related to living shrubs (38%), the pine plantation’s edge (32%), fallen
pine trees (14%), dead shrub (12%) and tall grassland (4%) (Fig. 2).
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Figure 2. The proportion of green lizards recorded in habitat types.
Min-max normalized values are presented, where the habitat with lowest proportion
of lizards (Tall grass) is 0 and the habitat with the highest proportion of lizards
(Living shrub) is 1. See text for proportion values.

Discussions

Our results show that the detectability of the green lizards in the studied
area is high, and the sampling effort was adequate to detect these organisms.
We showed that the abundance of the green lizards was highest in locations
with living shrubs and pine plantation edge, and it was lowest in the tall grass.
Furthermore, we show that the transect method as employed in this study
combined with CORINE Landover data yields statistically less robust
information (albeit ecologically interpretable) than the microhabitat features
recorded in the field. The explanation may be that in very small scale the
CORINE data have limited precision and/or the transect method is not suitable
for the available CORINE landcover types of data at small scales.

The availability of thermally suitable microhabitats is one of the key
parameters characterizing the habitat quality for lizards, but not the only one,
food availability and predation pressure being also important, perhaps even
more than the structural features of the habitat (Diaz, 1997). All three
parameters might be reduced to habitat features on which they depend, like
shelter and increased invertebrate diversity in shrubland (Walker et al., 2014)
that serve as food source. Thermoregulation implies moving between sun and
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shade (Huey, 1974), and our results show that the two most important habitat
variables are the presence of shrubs and trees in combination with grassland
on a small scale, thus providing a mosaic of different ecological conditions. Our
results confirm other findings that heterogeneous areas with bushy parts are
most suitable for the species (Heltai et al., 2015; Prieto-Ramirez et al., 2018,
2020a). The results regarding microhabitat use show that shrubs and logs the
most used features by lizards for basking and as shelter and/or hiding place,
confirming other observations for the European Green lizard (Heltai et al.,
2015), but also for related species L. bilineata (Luppi et al., 2020). Although
statistically not robust result, the modelling approach resulted in negative
estimate regarding the proportion of pine plantation along the transect and
lizard abundance. The pine plantation interior is compact, shaded, and cold,
and these conditions are far from optimal for the green lizard. However, the
edge of the plantation is almost as important as the presence of shrubs. Linear
structures and edges availability in the patches are very important conservation
measures for the species (Prieto-Ramirez et al., 2020). Our results show that
within the nature reserve, areas with compact pine plantation does not
constitute favourable habitat for the European Green Lizard. Plantations of
exotic tree species have a negative effect, resulting in increased rarity of other
poikilotherms species like Salamandra salamandra or Rana dalmatina, coniferous
plantations being the least important areas for herpetofauna (Covaciu-Marcov
et al, 2009). Coniferous plantations are utilised by reptile species in early
successional stages, but not in mature plantations, with well-developed canopy
cover (Jofré et al., 2016). Strong shading, as in pine plantations, has a negative
effect on invertebrates’ diversity and abundance (Cremene et al,, 2005; Corfey
et al, 2018; Cifuentes-Croquevielle et al., 2020) and invertebrates represents
the food of this species (Mollov et al., 2012; Maier et al, 2020). We show that
the green lizard abundance is low in tall grass without any structural elements
(trees, shrubs). Structural features such as the woody vegetation benefits the
green lizard in several ways (see above) while the compact tall grass may limit
its movement and habitat options, highlighting the importance of extensive
management.

In the successional stages which are characterized by shrub and tree
dominance resulting from the abandonment of the traditional management
only few species of butterflies reach their maximum abundance (Cremene et
al, 2005), and the distribution of lizard species is restricted by the lack of
appropriate sun basking sites (Huey, 1974). Pine plantations in former natural
oak forests are also associated with modification in lizard species assembly,
with the loss of Timon lepidus (Amo et al., 2007), a species that prefers open
and dry areas of woodland and scrubland.
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Despite their longevity and exceptional biodiversity (Feurdean et al, 2015),
in the last decades, steppe-like grasslands were considered either unproductive
or less profitable than other types of land use, so afforestation was practiced on a
large scale, including in protected areas (Resmerita et al, 1968; Cremene et al.,
2005), profoundly altering the habitat of many species. Management actions
should be guided by habitat and microhabitat preferences of the species, and
it is also important to protect the habitat surrounding the patches where the
species is present, at a scale of 250m (Prieto-Ramirez et al., 2020).

Conclusions

Anthropic induced changes in land use in nature protected areas modify
the habitat and microhabitat features that are essential for the persistence of
European Green lizard. The short-term abandonment of grazing benefits the
species by increasing the habitat heterogeneity through the installation of
native shrub species that provide appropriate basking and shelter conditions.
Afforestation also creates favourable habitat by providing ecotonal condition on
the edge of the plantation, but the interior of the plantation is avoided by the
species. In areas already afforested, the elimination of some pine trees to create
patchy areas with grassland and shrub would greatly improve the habitat quality.
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